Long-Chain Vinyl Esters and Ethers. Preparation
from Commercial Raw Materials

Preparation of vinyl esters on a large laboratory scale
was undertaken to determine whether the production of a
polymerizable grade of these monomers from acetylene and
the appropriate alcohol or acid would be commercially
feasible, and to estimate the selling price of vinyl stearate.

Technical vinyl stearate was obtained in 889 over-all
vield (based on stearic acid) by filtration and flash dis-
tillation of the crude reaction mixture. Crystallization of
the technical grade from acetone gave pure vinyl stearate
in 67% over-all yield. Technical vinyl oleate was ob-
tained in 85%, yield by filtration and flash distillation of
the crude reaction mixture; pure vinyl oleate, in 579,
yield by fractionation of the technical grade; technical
vinyl octadecyl ether and vinyl oleyl ether in 89 and 887,
yields; the pure (redistilled) grades in 83 and 55%, yields.
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ai 210° to 220° C. was used as the heat reservoir. The average
vield in the distillation step was 88.5%,.

Teehnical vinyl stearate was further purified by crystallization
from 3.2 parts of acetone at 0° C. (The products so obtained
denoted in this paper as “pure’” vinyl stearate.) The average
vield in the crystallization step was 80.1%,. An over-all average
vield of 67.29, was thus obtained. The results of the series of
eleven vinylations are summarized in Table 1.
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Figure 1. Rate of polymerization of vinyl stearate

at 70° C. with 0.25% benzoyl peroxide

Specifications and Polymerizability. Pure vinyl stearate was
a white, waxy solid, which was essentially colorless when molten.
The refractive indices of the products were 1.4360 == 0.0002
(55° C.) and the iodine number ranged from 78.1 to 81.2. Chem-
ical analysis was frequently an inadequate measure of purity be-
cuuse analytically undetectable amounts of inhibitor could en-
tirely prevent polymerization, the iodine number on repeatedly
purified vinyl esters was low, and samples which had low iodine
values were frequently readily polymerized. A more sensitive
test for purity was based on rate of polymerization. Studies on
the mass polymerization in vinyl stearate showed that the pres-
ence of inhibitors could be detected from the shape of the curve
obtained by plotting percentage polymerized (as measured by the
refractive index) against time. A simple, practical test and speci-
fication was developed when it was observed that samples of
vinyl stearate containing 0.25% benzoyl peroxide when heated
ut 70° == 2° C. under a nitrogen atmosphere attained a minimum
reflractive index at 55° C. of 1.4540 and showed no inhibition
period (83). [Similarly, vinyl oleate gave a copolymer with
vinyl stearate (90% vinyl stearate, 109 vinyl oleate) having a
minimum refractive index (n) of 1.4470 when heated 12 hours
under nitrogen at 70° = 2° C. with 0.5 weight % of benzoyl
! peroxide.| Such samples which showed an inhibition or retarda-
tion period invariably failed to reach the specified refractive index
during the test time. While it is recognized that a truer measure
of absence of inhibitor could be achieved by more refined tests,
such as showing the linear dependence of rate of polymerization
on the square root of the initiator concentration, the pragmatic
Lest. outlined is more suitable for the purpose for which it was
intended
Mass polymerization was carried out by agitating a 6-gram
sample containing 0.25%, by weight of benzoyl peroxide at 70°
£ 2° C. under a nitrogen atmosphere. The polymerization
was followed by change in refractive index. The curves in Figure
I show the typical polymerization behavior of the three grades
of vinyl stearate. No period of inhibition is observable for the
pure grade. Further examination of the technical vinyl stearate
showed that a higher catalyst concentration effected an increased

rate of polymerization (see Figure 2), and it seems probable that
this material would be suitable for many uses, particularly in
copolymerizations involving low ratios of vinyl stearate.

Crude and technical vinyl stearate contained significant
amounts of vinyl pamitate, but this was absent in pure viny
stearate.

Crystallized oleic acid is
the basis of vinyl oleate

Pure oleic acid is not at present commercially available. The
commercial product used in these investigations, Emersol 233
LL Elaine (Emery Industries, Inc.), contains 4 to 5% polyun-
saturated acids, some trans-octadecenoic acid (elaidic acid), and
some saturated Cu-Cys acids. After a number of the methods
reported (3, 6, 32, 36, 38, 40) for purifying oleic acid were ex-
amined, the method adopted consisted of a single low-temperature
(—55° to —50° C.) crystallization from acetone to remove the
bulk of the polyunsaturated acids. The removal of the elaidic
acid did not appear practical, but the vinyl esters of the lower
saturated acids were removed as foreruns in the fractional dis-
tillation of the vinylation product. The single crystallization
gave oleic acid containing 0.8 to 1.29% polyunsaturated acids
(4, 6) in an average yield of 779,

Vinylation of crystallized oleic acid was carried out by the
procedure described above for stearic acid. The catalyst. how-
ever, was prepared from zinc acetate and crystallized oleic acid.
A mixture of 2000 grams of crystallized oleic acid, 480 grams of
zinc acetate, and 350 ml. of toluene was heated with agitation,
water and acetic acid being removed azeotropically. After the
toluene had been removed in vacuo, the residue, along with
another 5800 grams of crystallized oleic acid, was charged into
the 5-gallon autoclave, and vinylation was carried out to an acid
number of 5 to 10.
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Figure 2. Effect of benzoyl peroxide concentra-
tion on rate of polymerization of technical vinyl
stearate at 70° C.

The catalyst was removed by filtration to give crude vinyl
oleate, which was flash-distilled at 0.5 t0 1 mm. to give technical
vinyl oleate in an average vield of 85%, based on the recrystal-
lized oleic acid. -As vinyl oleate polymerized much less readily
than vinyl stearate, fractional distillation proved to be feasible,
although pot temperatures above 210° to 220° C. resulted in
products with higher acid numbers (17). Distilled (pure) vinyl
oleate was obtained, in five such vinylations, in average yield of
57%. The relatively low yields were due to rather large forerune
which contained appreciable amounts of the vinyl esters of the
lower saturated acids. Yields and properties of the products



Table ll. Vinyl Oleate
Yield, % Properties of Pure Vinyl Oleate
Flash- Fraction- Iodine Polymer-
Reaction distilled ated No. “3‘;2“
Expt Time, (technical (pure B.p. range, 20 (theory tesss.
No. Hr. Crude grade) grade) °C. n°p = 165) np
1 9 95.0 88.4 64.1 135° (0.2 mm.) to 1.4538 166 1.4490
164° (1 mm.)
2 9 96.0 54.5 140° (0.5 mm.) to 1.4538 163 1.4495
167° (1.4 mm.)
3 8 99.0 62.0 139° (0.5 mm.) to 1.4533 163 1.4497
169° (1.6 mm.)
4 7.25 97.8 89.0 58.3 132° (0.2 mm.) to 1.4534 164 1.4490
156° (0.7 mm.)
5 4 99.0 78.6 50.0 135° (0.3 mm.) t 1.4536 160 1.4479
140° (0.4 mm.)
Av. 7.5 97.4 85.3 57.4 1.4536 163.5 1.4490

¢ See Figure 3 (39).

yield of 89%. The vinyl ether
was further purified by “top-
ping”’ at 0.2 to 1 mm. through
a distillation column to remove
3 to 4 weight 9 as a pale yel-
low forerun. At this point, the
material distilling was essen-
tially colorless with nY of
1.4445. Distillation was then
carried out rapidly at total
take-off to give pure octadecyl
vinyl ether.

The results of ten vinyla-
tions are summarized in Table
III. Yields of pure ether aver-
aged 82.5%, based on the total
Cachalot 4-S charged. If the

alcohol present as the alkoxide, 1.8 moles, is considered as not
being available for vinylation, the average yield was 889, of
theory; similarly, the average yield of technical octadecy] vinyl
ether was 959, of theory.

Pure octadecy] vinyl ether was a heavy, colorless liquid which
solidified to a waxy, white solid melting at about 29° C. Boiling
point ranges were not recorded, as the distillations were carried
out at total take-off at different pot temperatures and rates of
distillation; however, octadecyl vinyl ether boils at about 155° C.
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Figure 3. Copolymerization of vinyl stear-
ate-vinyl oleate (9 to 1) at 70° C. with
0.5% benzoy! peroxide
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from five vinylations carried out by this procedure are given in
Table II.

Polymerization. The pure grade of vinyl oleate was an essen-
tially colorless liquid. Tts copolymerization behavior with pure
vinyl stearate is indicated by Figure 3. In this copolymerization,
a solution of 4.5 grams of vinyl stearate and 0.5 gram of vinyl
oleate containing 0.5% by weight of benzoyl peroxide was agitated
under nitrogen at 70° == 2° C. (33).

Vinyl ethers are prepared
by vinylation of alcohols

Octadecyl Vinyl Ether. Cachalot 4-S, a U.S.P. grade of stearyl
alcohol supplied by M. Michel and Co., Inc., was used without
further purification for the preparation of octadecyl vinyl ether.
Samples examined had octadecyl alcohol contents of 95 to 96%;
the remainder was largely cetyl alcohol.

A series of ten vinylations in 5-gallon autoclaves was carried
out. A mixture of 8000 grams (29.6 moles) of Cachalot 4-5,
120 grams (1.8 moles, based on 85% purity) of potassium hy-
droxide pellets, and 1200 ml. of toluene was heated with agitation,
and water was removed azeotropically. The toluene was re-
moved in vacuo, the residue was charged into a 5-gallon auto-
clave, and vinylation was carried out at 150° C. with propane-
diluted acetylene at 200 pounds per square inch gage until acety-
lene was no longer absorbed.

The reaction product was separated from the catalyst by a
rapid, short-path distillation at 1 to 2 mm. This pale yellow
product, designated technical grade, was obtained in an average

Figure 4.
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Table ll. Octadecyl Vinyl Ether
Yield, % Analyses of Pure Grade,
Reaction Crude Distilled ©
Expt. Time, (technical (pure Residual Vinyl
No. Hr. grade) grade) alcohol ether
1 10 88.3 83.3 1.07 98.3
2 6 88.3 82.3 1.81 97.9
3 7 88.5 78.2 1.71 97.8
4 7.25 86.3 79.7 0.62 99.0
5 6.75 89.4 80.7 0.47 98.5
6 8.25 87.7 81.5 0.10 99.05
7 6.75 91.0 85.7 0.06 98.8
8 5.5 91.8 87.2 0.28 99.2
9 6.5 89.6 85.8 1.67 98.2
10 8.5 90.4 80.5 1.49 99.2
Av. 7.25 89.2 82.5 0.93 98.6




Table IV. Oleyl Vinyl Ether

of oleyl vinyl ether was ob-
tained as an essentially color-

Yield, % Properties of Pure Grade less liquid by fractional] distilla-
Reaction Crude Distilled Residual Vinyl tion at about 2 mm. in 51 to
Engt Tm:‘e, (t;;:;;g;;:al g(x]?au;:) B.pz’ x&nge, 739 range alc%’hol, et%er, 569 vields. The main part o’
10 2.5 85.8 50.5 167-174° (2.2 mm) 1.4530-1. 4335 <92 9.3 the discarded material was pale
25 15 . 54.2 161- mm. -4529-1.45, 25 : . ich disti
3 33 : 562 163-7° (2mm.) 1.4530-1 4534 0:27 1003 vellow foreruns which distilled
4b 4.7 .. 57.0 163-9° (2 mm.) 1.4530—%.4526 8.27 98.3 at about 140° to 170° C.at 2
b 7 -9 536
5 2 8.5 55.7 172-5° (2.1mm.)  1.4530-1.4333 '3 98.6 mm., 730 1.4457 to 14527, and
Av. 3.5 87.6 54.7 0.26 98.9

% Cachalot 0-8 used in vinylation. . R
b Cachalot 0-8 fractionally distilled before vinylation.
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Figure 5. Flow sheet for manufaciure of vinyl ethers

at 0.5 mm. and 175° C. at 2 mm, The refractive indices of all
products were 230 1.4451 =+ 0.0002. The products from all ten
of these vinylations were combined to give about 170 pounds
of pure octadecyl vinyl ether with the following properties:
n$ 1.4451; d3° 0.8211; freezing point, 28° C.; residual alcohol,
1%, calculated as octadecyl alcohol; vinyl ether, 98.49, cal-
culated as octadecyl vinyl ether (31).

PoLYMERIZATION. A 150-gram sample of this combined prod-
uct was stirred at 45° C. and a 109, solution of boron trifluoride
etherate in dioxane added dropwise. Polymerization began
after the addition of 8 drops (ca. 0.16 ml.) of catalyst solution.
The exothermic reaction was moderated by cooling, and poly-
merization was carried out at 70° to 75° C. for 1 hour. The cat-
alyst was destroyed by the addition of a few milliliters of ethyl
alcohol, and the polymer was dissolved in chloroform and repre-
cipitated by pouring into acetone. The resulting polymer was
a snow-white powder having the following properties: ASTM
softening point (ball and ring method), 53° C.; specific viscosity
(1 gram in 100 ml. of benzene), 0.26.

Oleyl! Vinyl Ether. Oleyl vinyl ether was prepared by vinyla-
tion of Cachalot 0-8, a NF grade of oleyl alcohol obtained from
M. Michel and Co., Inc. Cachalot 0.8 was found to contain
about 819, oleyl alcohol, 149, saturated aleohols, and 59, poly-
unsaturated alcohols (33). It was possible to obtain essentially
identical products in comparable yields by vinylation of Cachalot
0-8 followed by fractional distillation of the vinyl ether or by
fractional distillation of Cachalot 0-8 followed by vinylation and
distillation of the product.

The procedure for catalyst preparation and vinylation was the
same as for octadecyl vinyl ether. The vinylation product from
unpurified Cachalot 0-8 was separated from the catalyst by a
short-path distillation to give the pale yellow technical grade
of oleyl vinyl ether in 86 to 90% yields, calculated on the basis
of a molecular weight of 268 for Cachalot 0-8. The pure grade

1.4535 were collected as pure
oleyl vinyl ether.

In the purification of Cachalot 0-8 by fractional distillation,
about 289, of the distillation charge was discarded as foreruns
which were about half oleyl alcohol and half lower saturated
alcohols. This purified material was vinylated in the usual way
to give crude yields of 90 to 95%, based on the purified alcohol.
Redistilled yields were 54 to 57%, based on the Cachalot 0-8,
which were comparable to the yields obtained in the vinylations of
Cachalot 0-8,

The results of five vinylations, two of unpurified Cachalot
0-8 and three of distilled Cachalot 0-8, are summarized in Table
IV. All of the products were combined to give about 60 pounds
of oleyl viny] ether having the following properties: n3 1.4532,
4z 0.8338; residual alcohol, 0.18 to 0.29%, calculated as oleyl
alcohol; vinyl ether, 99.79, calculated as oleyl vinyl ether.

PoLyMERIZATION. A 150-gram sample of this combined product,
which was a heavy, essentially colorless oil, was polymerized in
the manner described above for octadecyl vinyl ether. Poly-
merization began after the addition of 9 drops (ca. n.18 ml.)
of catalyst solution. The resulting polymer was a cl. - v, essen-
tially colorless, viscous sirup.

Yields are high enough
to be encouraging

The processes involved in the laboratory procedures described
above are illustrated schematically in Figures 4 and 5. In the
preparation of vinyl oleate, zinc oleate is prepared from zinc
acetate and oleic acid before vinylation and the technical prod-
uct is distilled for purification. Catalyst consumptions, ex-
pressed in pounds of product per pound of catalyst, and yields,
based both on the acetylene and acid or alcohol, are summarized
in Table V.,

Table V. Catalyst Consumptions and Yields
Cata.lyst Yields, Mole %
Consumption, “Based on Based on
Lb. Product/Lb. acety- acid or
Product Catalyst Catalyst lene alcohol
Vinyl stearate
echnical grade Zinc stearate 114.0 83.3 84.3
ure grade Zinc stearate 92.0 67.5 67.5
Vinyl oleate
Technical grade Zinc acetate 319.0 88.6 65.4
Pure grade Zinc acetate 303.0 84.1 44.2
Octadecyl vinyl ether
Technical grade KOH 65.4 86.1 89.2
Pure grade KOH 60.5 79.6 82.5
Oleyl vinyl ether
Technical grade KOH 67.0 78.5 87.6
Pure grade KOH 56.7 65.5 54.7

The yields of vinyl oleate of Table V are different, from those of
Table II. In Table II the yields were based on the crystallized
oleic acid used in vinylation, while in Table V the loss on crystal-
lization was taken into consideration and the yields were based
on the purchased starting material, Emersol 233 LL Elaine.



(Long-Chain Vinyl Esters and Ethers)
Cost Estimate on Technical Grade Vinyl Stearate

CLIFFORD S. REDFIELD, WILLIAM S. PORT, aND DANIEL SWERN

Eastern Regional Research Laboratory, Philadelphia 18, Pa.

NDUSTRIAL interest in vinyl stearate as a comonomer has

been increasing rapidly, largely because it has been demonstrated
in laboratory investigations that this substance has certain out-
standing characteristics for the preparation of internally plasti-
cized copolymers with vinyl chloride (20, 23), vinyl acetate (19, 28,
24), and other monomers. One important factor which determines
industrial acceptance and use of a new monomer is its cost.

This paper attempts to answer certain questions regarding the
cost of production and sale of vinyl stearate. The cost estimate
given is based solely on laboratory data for the preparation of
vinyl stearate, described in the preceding article (page 1702). No
pilot plant results are available; consequently many engineering
factors have not been evaluated. Furthermore, the cost informa-
tion given is for a completely new plant and not an adjunct to any
existing plant,.

Laboratory work has shown that the technical grade of vinyl
stearate and, for some copolymerizations, the crude grade (as
defined on pages 1703-4) are satisfactory monomers for use in
copolymerizations. For example, copolymers of vinyl chloride
containing at least up to 359, crude vinyl stearate did not differ in
properties from similar copolymers prepared with pure vinyl
stearate.

Production of vinyl stearate
appears commercially feasible

Process. Vinyl stearate is prepared from stearic acid (95%
stearic acid and 5% palmitic acid, melting point 65-67° C.) by
vinylation at 165° C., with propane-diluted acetylene under a
pressure of 200 pounds per square inch gage, using zinc stearate
as a catalyst. This crude product is purified by flash distillation
under.an absolute pressure of 0.5 to 1.0 mm., giving technical
vinyl stearate.

Yield of crude vinyl stearate, after vinylation, is 94% based on
the theoretical yield from stearic acid. Yield of technical, after
flash distillation, is 84.3% based on the theoretical yield from
stearic acid.

Operations. The estimate given bere is based on the produc-
tion of approximately 5,000,000 pounds of technical grade vinyl
_stearate per year. Also given (Table V) are the basic figures for
the production of 1,000,000 and 10,000,000 pounds of technical
grade vinyl stearate per year obtained by ratios from the calcula-
tions for 5,000,000 pounds per year.

Production of 15.625 pounds of technical grade vinyl stearate
per day or 5,000,000 pounds per year (Table III) is calulated as
follows:

Raw material per charge Pounds
Stearic acid 2850
Zinc stearate, U.S.P. 416

Average yield, based on 1.0839 theoretical yield from stearic
acid, is 84.3%:

Yield per charge Pounds
2850 X 1.0839 3089.12
3089.12 X 0.843 2604.13

Make 2100 charges per year operating 24 hours per day, 350
days per year:

2604.13 pounds/charge X 2100 = 5,468,673 pounds/year
15.625 pounds/day

Return on Investment. The estimate is based on a net return
of 12%, after taxes, calculated on the fixed capital investment.
This estimate is composed of five parts: equipment (Table I),
capital expenditures (Table II), cost sheet (Table III), opera-
tional analysis (Table IV), and summary (Table V).

Conclusions and Discussion. Monomers to be used as internal
plasticizers must not only yield copolymers that have desirable
properties, but they must also be available in the usually accepted
price range of external plasticizers (30 to 50 cents per pound) in
order to furnish a sufficient motivation for their large scale
use. For specialty applications, where permanence of plasticizer
is absolutely essential, this restriction does not apply.

At a production rate of 5,000,000 pounds per year it should be
possible to build a plant and manufacture and sell vinyl stearate
at a profit, after taxes, at a selling price of about 48 cents per
pound. At an annual production rate of 10,000,000 pounds, the
selling price could be about 35 cents per pound.

However, these cost estimates include not only building an
entirely new plant, but also the step of washing the catalyst with
acetone followed by acetone recovery. This step was employed
in the laboratory study to obtain accurate yield figures, because
the catalyst separated from the autoclave charge contained
significant amounts of vinyl stearate adhering to it. There ap-
pears to be no reason why the unwashed catalyst cannot be

commercially feasible.

countered in plasticized polymer compositions.

This article describes large scale laboratory preparation, in high yield, of vinyl stearate, vinyl oleate, vinyl
octadecyl ether, and vinyl oleyl ether from acetylene and the appropriate commercial grade of long-chain
acid or alcohol. The synthesis of these monomers of purity sufficiently high to ensure polymerizability seems
The monomers have potential commercial interest because their basic raw materials
(acetylene and tallow) are inexpensive and readily available. In the copolymers prepared, the long chain is
chemically bound in the polymer molecule, and the resulting intramolecularly modified polymers should retain
their original properties indefinitely compared with changes, due to exudation, evaporation, and leaching, en-
Cost estimates based on preliminary laboratory data indicate
that a plant producing 5,000,000 pounds of vinyl stearate per year should realize a profit, after taxes, from a
selling price of about 43 cents per pound; at an annual production rate of 10,000,000 pounds, the selling price
could be as low as 31 to 34 cents per pound. A return of 12% on the investment, after taxes, is assumed.




Table I.  Equipment
Cost Cost
2 acetone storage tanks 1/¢inch carbon steel, 10-ft. § 4,480 Condenser, shell and tube 145.6 sq. ft. cooling surface, 1,64(
! diameter, 15 ft. 7inches long carbon steel
Bronze centrifugal pump Acetone to process, 60 gal./ 780 Receiver Carbon steel, 150-gal. capacity 260
mgl. at 40-ft. head. Class Pump, bronze centrifugal 30 gal. /min. at 25-ft, head. 410
S Class I-D
Portable conveyor RR siding mloa‘d cars, 40 ft. 2,570 Pump, positive delivery  Stainless steel, 16 gal. /min. at 500
X 30 inch wide side rails, 50 Ib. /sq. inch. Class I-D
Class I-D R d Tncludes dryor, sond 947
Conveyor, reversing, stor- 58 ft. long, 36 inches wide. 4,160 otary vacuum dryer n((::elilv:: g’l zr' ;l(:x!;l;nse;, ;:' 1,947
age room Class I-D : ’ : .
Pump, propane, recipro- 125 Ib. /sq. inch gage. Class 600 - .dxan‘leter X 20 ft.
cating I-D Steam jet Single jet, 5-inch abs. pressure 600
Conveyor, storage room 40 ft. long, 36 inches wide. 3,370 Condenser Totkill 1:steam' from single- 50°
to melting kettle lass I-D stage steam jet
Kettle to melt stearic acid No. 316, stainless steel, c.s. 2,850 Acetylene generation From calcium carbide, $220/ 57,950
and zinc stearate iacket, agitator, 600 gal. ton year
Pump, molten stearic acid pump, stainless steel. 760 Feed tank, closed Stainless steel, carbon steel 1,050
and zinc stearate to i’ga/x. 1_3,5}?0 Ib. /hr. at 40 éa;:ket, 5-ft. diameter X
reactors . /sq. inc t.
Reactors (4)° No.316.stainless steel agitator 102,970 Flash tank No. 316 stainless steel, 100 1,240
and jacketed, 300 Ib./sq. gal,, jacketed, 0.5- to 1.0-
inch gage working Pressure mm. pressure
Tanks (4.) for catalyst Stajnless steel Jackeped, agi- 21,060 Merrill system Hot oil to jacket of flash tank, 7.850
separation tator and decant pipe, 1269 410-428° F.. electrical im-
. . gal. . mersion heater
Cex.xtnfuge, solid ball con- Stainless steel, 70 gg,l. /min. to 13,420 Condenser, shell and tube No. 316 stainless steel tubes, 1,020
tinuous 2000 gal., vapor-tight, 34 X head d tube sheet,
38 inches. Class I-D eads, and tube sheets, car-
A . ) bon steel shell, 42 8q. ft.
Conveyor, screw 6 inches, stainless steel, 25 ft. 4,590 Recei 100 gal inl L 05 620
long, vapor-tight, sealed eceiver gal., stainless steel, 0.5-
feed and discharge. Clags St ot 05'5_0 :‘O'Imom' pressure . 5.260
I-D eam jets -5~ to 1.0-mm. pressure, ,
2 tanks for collecting Stainless steel, closed, jack- 1,040 Stage in series, intercon-
eted, 5-ft. diameter, 5 ft. denser and aftercooler
deep, 735 gal. Condenser Kill steam from steam jets, 450
Tank for collecting Stainless steel, closed, 4 ft. 6 700 13.0 sq. ft., carbon steel
inches diameter, 5 ft. 6 construction
inches deep, 654 gal. Tank, wood 6-ft. diameter X 8 ft. deep, 530
Pump Stainless steel, positive deliv- 760 with Fulton-Sylphon con-
ery, 14,700 1b./hr. at 40 trol, hot water, 160-165°F,
. Ib. /sq. inch . Pump, centrifugal Circulate hot water, 50 gal./ 470
Still Stainless steel with carbon 1,040 min. at 50 Ib. /sq. inch
steel jacket, 5 ft. diameter, D —
5 ft. deep, 735 gal. _ $265,080-
% Twenty pounds of charge requires 5 gallons of reactor capacity.
Table Il.  Capital Expenditures
Land and site preparation 20 acres at $300 [acre $ 16,500 Power installed 116.14 kw. Class I-D. At 21,070
Roads and park areas Road 800 X 20 ft. Park /300 15,110 $175 /kw. Immersion heat-
X 60 ft. Black top, $4 sq. ers, 15 kw.
yd. X Transportation facilities, 19,900
Railroad sidings 3000 ft. at $9 /lineal ft. 27,000 trucks and industria]
ences 1500 ft. at $3.50 /ft. 5,250 trucks
Buildings 120 X 8(? ft.  Penthouse 15. X 100,410 Insulation 1922 sq. ft. at $1.46 [sq. ft. 4,310
60 ft.; $9.28 /sq. ft. build- e X
ing; $12.58/sq. ft. pent- . Plus pipe insulation
ouse Freight on equipment 2% of equipment cost 5,300
Boilers 214 boiler hp. at $78 /bhp. 16,660 Office furniture and fix- 19 of equipment cost 2,650
Equipment, manufactur- Table I tures
ing Analytical and research 40,000
Erection of equipment, 309, of equipment cost 79,520 lab’;mo,y
mfg. foundations, sup- . . N .
ports and positioning Con_tmge.ncxes 10% of fixed capftal 112,300
Instrumentation 7.5% of equipment cost 19,880  Engineering fees 15% of fixed capital 168,480
Piping and ductwork Mostly stainless steel and 106,030 Fire protection and safety 4,890
steam traced. 40% of
equipment cost Total fixed capital 1, 123,200
Erection, piping and 76% of piping cost 79,520
ductwork . . A L
Heating installed 2569 sq. ft. at $2.50 /sq. ft. 6,420 Worl‘nng capital. Invgntones, raw materials, in process,
Lighting installed Vaporproof fixtures, 61 fixt, at 6,920 hed goods, credits, wages, etc. 463,560

$95 each, 125 outlets at $9
each

Total capital $1 ,686,760




Table 1.

Production. 15.625 lb. of technical vinyl stearate per

Cost
Per Per
day pound
Prime Cost
Material
Stearic acid, 17,100 1b. at, $0.14 /Ib. $2,394.00
Zinc stearate, 137.1 lb. at $0.38 /1b.e 52.08
Acetone, 2100 lb. at $0.085 /Ib. 178.50
Acetylene, 1507 1b. at $0.14 /Ib. 210.98
Propane, 285.3 gal. at $0.04 [gal. 11.53
Nitrogen, 8593 cu. ft. at $0.60 /100 cu. ft. 51.64

Total $2,898.73
Total material cost $2,898.73 $0.1855
Labor
6 operators at $1.75/hr.; 12 helpers at
$1.25 /hr. [shift $ 612.00 $0.0392
Total prime cost $3,510.73 $0.2247
Indirect materials
Shipping bags, 156 at $0.21 ea. 32.76
Total indirect materials $ 32.76 $0.00209

Factory overhead
Indirect labor

Supervision 3
Watchmen, yardmen
Mechanics, etc.
Office help
Truck operator
Chemist, works

57.00
33.15
28.00
36.67
46.00
16.00

Total indirect labor

$ 216.82 $0 01387

¢ Consumption of catalyst (tech. grade) 1 1b./114 Ib. product.

Table IV. Operational Analysis

(Unit, pound)

Gross sales
Returns, allowances, discounts

Net annual sales
Production cost

Gross annual profit
-Administration, research, selling expense

Profit before taxes
Taxes, income and eéxcess profit, 529,

Net annual earnings

Earned on fixed capital, 129,

Earned on total capital, 8.499,

Dollar sales per dollar invested capital

Net profit, earned on gross sales, 5.779,

Net profit on net sales, 5.899,

Selling price per pound

Profit per pound

Turnover of total capital used

Turnover of working capital, 79.8 days

Turnover of fixed property investment

Turnover of fixed property investment, physical,
4.87 1b. /dollar

Break-even point, 3,243,068 1b. [yr.
% of capacity, 59.3

Shutdown point, 1,764,688 1b. lyr.
% of capacity, 32.3

Pay-out time, years, F&B with 3% debenture
bonds, 5.01

$2,336,958.50
46,739.17

2,290,219.33
1,682,243.50
607,975.83
327,181.02
280,794 .81
146,013.30
134,781.51

$2.08

$0.4273
$0.0246

$1.44
$2.04

2 Calculated from 5,000,000 Ib. production:
0.361, and for 10,000,000 1b., 1.436.

Cost Sheet
24-hour day; continuous operation 350 days per year
Cost
Per Per
day pound
Indirect expenses
Fixed
Insurance, public liability and fire, 19 32.09
Taxes, 29, 64.18
Interest on fixed capital, 5%, 160.45
Depreciation, 109, 320.91
Total fixed indirect expense $ 577.63 $0.03697
Nonwage payments
Social security $ 4.90
Workmen’s compensation '9.46
Unemployment insurance 46.33
Vacation time 36.60
Total nonwage payments $ 97.29 $0.00622
Ctilities
Power. Process. $0.0110 /kw. $ 36.38
Steam. Process, $0.65 /1000 1b. 53.53
Water. Process, $0.05 /1000 gal. 25.75
Total utilities $ 115.66 $0.0074
Miscellaneous
Maintenance, repairs, and renewals
Process $ 192 .54
Gasoline 9.10
Factory supplies 28.88
Miscellaneous factory expenses 25.00
Total miscellaneous $ 255.52 $0.01635
Total indirect expense $1,046.10 $0.0669
$1,262.92 $0.08082
Total factory overhead $4,806.41 $0.3076
Factory cost
Interest on working capital, 5%, 66.23
Research and development expense, 29, 133.54
Administration and general expense 133.56
Cost to make $5,139.74 $0.3289
Selling cost, 109, $ 667.70 $0.0427
Cost. to make and sell $5,807.44 $0.3716
Profit $ 869.58 $0.0557
Selling price $6,677.02 $0.4273
Table V. Summary
Yearly production,
1b. 1,000, 0002 5,468,673 10,000, 0002
24 hr. daily produe-
tion, Ib. 2857 15,625 28,571
Fixed capital $405,470.00 $1,123,200.00 $1,612,920.00
Working capital $167,340.00 $ 463,560.00 $ 665,670.00
Total capital $572,810.00 $1 ,586,760.00 $2,278,590.00
Factory cost
Per day $ 1,735.11 $ 4,806.41 $ 6,902.00
Per pound $ 0.6073 § 0.3076 $ 0.2416
Cost to make
Per day $ 1,855.45 § 5,139.74 8 7,380.67
Per pound $ 0.6494 8 0.3289 § 0.2583
Cost to make and sell
Per day $ 2,006.49 § 5,807.44 8 8,339.48
Per pound $ 0.7338 § 0.3716 § 0.2919
Selling price .
Per day $ 2,410.40 $ 6,677.02 § 9.588.20
Per pound $ 0.8437 ¢ 0.4273 % 0.3356
Annual gross sales $843,640.00 $2,336,960.00 $3,355,870.00
Net annual earnings
after taxes $ 48,660.00 $ 134,780.00 § 193,540.00

ratio for 1,000,000 Ib.,




re-used, as its only “contaminant” is vinyl stearate, the product
being made in the first place.

Elimination of the acetone wash step significantly lowers the
costs of equipment and processing, and also cuts down on the
over-all operating time. At an annual production of 5,000,000
pounds, elimination of the acetone wash reduces the selling cost
of vinyl stearate to about 42 cents per pound and at 10,000,000
pounds to about 31 cents.
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